methanol. The mixture was evaporated onto silica gel and further purified by silica gel chromatography using a mixture of 2:1 hexane/toluene with 0,1, or 2% ethyl acetate. The product elutes with 2% ethyl acetate. This procedure yielded 241 mg of product 17 (0.82 mmol, 36%). Rf = 0.7 in 2:1 hexane/ethyl acetate. 1 H NMR (600 MHz, CDCl3): δ 8.04 (d, J = 8.3 Hz, 2H), 7.34 (d, J = 8.2 Hz, 2H), 7.10 (s, 1H), 3.92 (s, 3H), 2.70 (dd, J = 6.2, 6.2 Hz, 2H), 2.56 (dd, J = 5.9, 5.9 Hz, 2H), 1.94--1.92 (m, 2H), 1.84--1.82 (m, 2H). 13 C NMR (100 MHz, CDCl3): δ 199.4 (t, J = 29 Hz), 166.6, 139.7, 134. 7 (t, J = 20 Hz) , 131.1 (t, J = 9 Hz), 129.8, 129.6, 128.9, 115 .5 (t, J = 254 Hz), 52.3, 39.3, 28.11, 27.1, 24.5. 19 
Methyl 4--((2,2--difluoro--3--oxocycloheptyl)methyl)benzoate (11).
(E)--methyl 4--((2,2--difluoro--3--oxocycloheptylidene)methyl)benzoate (68 mg, 0.23 mmol, 1.0 equiv.) was dissolved in ethanol (1.5 mL) and flushed with nitrogen. Palladium hydroxide on carbon (20%, 7.5 mg) was added and the solution was flushed with hydrogen. The reaction mixture was stirred under a hydrogen atmosphere for 1.5 h, at which point it was filtered through Celite, rinsed with ethanol, and evaporated to dryness to yield pure 11 (70 mg, 0.23 mmol, quant.). Rf = 0.7 in 2:1 hexane/ethyl acetate. 1 H NMR (600 MHz, CDCl3): δ 7.95 (d, J = 8.3 Hz, 2H), 7.22 (d, J = 8.2 Hz, 2H), 3.87 (s, 3H), 3.18 (dd, J = 13.8, 3.5 Hz, 1H), 2.75 (dtd, J = 15.2, 6.4, 3.0 Hz, 1H), 2.63--2.58 (m, 1H), 2.46 (dd, J = 13.8, 10.9 Hz, 1H), 2.22--2.13 (m, 1H), 1.92--1.87 (m, 1H), 1.75--1.70 (m, 2H), 1.65--1.62 (m, 1H), 1.36--1.31 (m, 1H), 1.27--1.21 (m, 1H). 13 C NMR (150 MHz, CDCl3): δ 201.9 (dd, J = 29, 26 Hz), 167.0, 144.4, 130.0, 129.4, 128.7, 119.5 (dd, J = 256, 253 Hz), 52.2, 44.5 (dd, J = 22, 21 Hz), 38.5, 33.6 (dd, J = 6, 4 Hz), 28.3 (dd, J = 6, 2 Hz), 25.1, 23.5. 19 F NMR (565 MHz, CDCl3): δ --106.63 (d, J = 245 Hz, 1F), J = 245, 24 Hz, 1F) . HRMS (EI): calcd. for C16H18O3F2 + [M] + , 296.1224; found, 296.1228 .
Methyl 4--((2,2--difluoro--3--oxocyclooctyl)methyl)benzoate (9). Difluorocycloheptanone 11 (22 mg, 0.074 mmol, 1.0 equiv.) was dissolved in dichloromethane (1.3 mL, anhydrous) and cooled to --78 o C. Trimethylaluminum (45 µL of 2 M solution in toluene, 0.090 mmol, 1.2 equiv.) was added followed by trimethylsilyldiazomethane (45 µL of 2 M solution in dichloromethane, 0.090 mmol, 1.2 equiv.) After 10 min, the mixture was quenched with 50 µL methanol and warmed to rt, at which point a saturated solution of aqueous Rochelle's salt (2 mL) was added. The product was extracted into dichloromethane (3 x 3 mL). The organics were combined, dried, decanted, and evaporated to dryness. The crude product was dissolved in a mixture of ethyl acetate (2.5 mL)/methanol (1.5 mL)/3
M HCl (1.0 mL) and stirred at rt for 8 h, at which point the mixture was neutralized with sat. sodium bicarbonate. The organics were removed by evaporation and the product was extracted into dichloromethane (3 x 3 mL). The organics were combined, dried, decanted, and evaporated to dryness. The crude product was purified by silica gel chromatography using a hexanes/dichloromethane solvent system (2:1, 3:2, 1:1). This procedure resulted in 11 mg of 9 (48%, 0.035 mmol). Rf = 0.3 in 3:1 dichloromethane/hexane. The NMR spectra are consistent with those previously reported. iii Methyl 4--((2,2--difluoro--3--oxocyclononyl)methyl)benzoate (13). Difluorocyclooctanone 9 (80 mg, 0.26 mmol, 1.0 equiv.) was dissolved in dichloromethane (3.0 mL, anhydrous) and cooled to --78 o C. Trimethylaluminum (150 µL of 2 M solution in toluene, 0.30 mmol, 1.2 equiv.) was added followed by trimethylsilyldiazomethane (150 µL of 2 M solution in dichloromethane, 0.30 mmol, 1.2 equiv.) After 10 min, the mixture was quenched with 0.1 mL methanol and warmed to rt, at which point a saturated solution of aqueous Rochelle's salt (5 mL) was added. The product was extracted into dichloromethane (3 x 5 mL). The organics were combined, dried, decanted, and evaporated to dryness. The crude product was dissolved in a mixture of ethyl acetate (5 mL)/methanol (3 mL)/3 M HCl (2 mL) and stirred at rt for 8 h, at which point the mixture was neutralized with sat. sodium bicarbonate. The organics were removed by evaporation and the product was extracted into dichloromethane (3 x 5 mL). The organics were combined, dried, decanted, and evaporated to dryness. The crude product was purified by silica gel chromatography using a hexanes/dichloromethane solvent system (2:1, 3:2, 1:1). This procedure resulted in 41 mg of 13 (50%, 0.13 mmol). Rf = 0.3 in 3:1 dichloromethane/hexane. 1 H NMR (400 MHz, CDCl3): δ 7.97 (d, J = 8.2 Hz, 2H), 7.28 (d, J = 8.2 Hz, 2H), 3.90 (s, 3H), 3.29 (dd, J = 13.5, 3.4 Hz, 1H), 2.79 -2.64 (m, 2H), 2.54 (dd, J = 13.5, 11.1 Hz, 1H), 2.46 -2.33 (m, 1H), 2.00--1.90 (m, 1H), 1.82--1.72 (m, 1H), 1.67 -1.58 (m, 1H), 1.56 -1.47 (m, 1H), 1.44 -1.09 (m, 5H), 0.91--0.83 (m, 1H). 13 C NMR (100 MHz, CDCl3): δ 205.4 (dd, J = 30.5, 26.6 Hz), 167.1, 144.5, 130.0, 129.5, 128.7, 119.4 (dd, J = 259.3, 251.8 A 0.5 M solution of KHMDS in toluene (0.36 mL, 0.18 mmol, 1.1 equiv.) was added to THF (4.3 mL, anhydrous) and the solution was cooled to --78 °C. Ketone 13 (56 mg, 0.17 mmol, 1.0 equiv.) in THF (1.7 mL, anhydrous) was added dropwise. The reaction was stirred for 1 h at --78 °C, at which point N--phenyltrifluoromethanesulfonimide (65 mg, 0.18 mmol, 1.1 equiv.) in THF (1.7 mL, anhydrous) was added. The solution was allowed to warm to rt overnight, stirred for 21 h then quenched with 1.0 mL methanol and concentrated. The crude material was purified by silica gel chromatography (4:1 hexanes/ toluene with 1% triethylamine with a 0--5% gradient of ethyl acetate to obtain 26 mg of impure vinyl triflate intermediate. The impure vinyl trifate was dissolved in 0.60 mL dry THF and the solution cooled to 0 °C. A 2 M solution of LDA (purchased from Sigma--Aldrich, 0.055 mL, 0.11 mmol, about 2.0 equiv) was then added and the solution allowed to stir at the same temperature for 40 min. The reaction was then quenched with an excess of methanol and concentrated. The crude material was purified by silica gel chromatography (hexanes to 1:20 ethyl acetate/ hexanes) to yield the desired cyclononyne in 9% yield (4.6 mg, 0.015 mmol). Methyl 4--((2,2,4,4--tetrafluoro--3--oxocycloheptyl)methyl)benzoate (20). Difluoroketone 11 (595 mg, 2.1 mmol, 1.0 equiv.) was dissolved in cyclohexane (5 mL) in the presence of molecular sieves, trifluoroacetic acid (1 drop), and hexylamine (0.28 mL, 2.1 mmol, 1.0 equiv.). This mixture was heated to reflux for 10 h, at which point, it was cooled to rt, evaporated to dryness and the residue was dissolved in ether (75 mL). The ether solution was washed with saturated NaHCO3 (50 mL) and brine (50 mL). The organics were dried, decanted, and evaporated to a residue containing the hexylimine of 11. The residue was dissolved in acetonitrile (20 mL, anhydrous) and sodium sulfate (590 mg, 4.2 mmol, 2.0 equiv.) was added followed by Selectfluor (2.21 g, 6.2 mmol, 3.0 equiv.). The mixture was refluxed overnight. The following morning, 3M HCl (1 mL) was added and the mixture was heated for an additional 10 min. The solution was then cooled to rt and the acetonitrile was removed by evaporation. The residue was dissolved in ether (75 mL) and washed with saturated NaHCO3 (50 mL) and brine (50 mL). The ether was dried, decanted, and Methyl 4--((2,2--difluoro--3--(triethylsilyloxy)cyclohept--3--enyl)methyl)benzoate (21). Difluoroketone 11 (350 mg, 1.18 mmol, 1.00 equiv.) was dissolved in THF (20 mL, anhydrous) and cooled to --78 o C. Lithium bis(trimethylsilyl)amide (1.45 mL of 1M solution in THF, 1.42 mmol, 1.2 equiv.) was added and the mixture was stirred for 2 h, at which point triethylsilyl chloride (400 µL, 2.4 mmol, 2 equiv.) was added and the reaction mixture was warmed to rt over 3 h. The reaction was quenched with MeOH and evaporated to dryness. The crude product was purified by silica gel chromatography using a hexane/ethyl acetate solvent system (20:1, 15:1). This procedure resulted in 433 mg 21 (1.06 mmol, 89%). Rf = 0.8 in 8:1 hexanes/ethyl acetate. 1 H NMR (500 MHz, CDCl3): δ 7.97 (d, J = 8.0 Hz, 2H), 7.26 (d, J = 7.9 Hz, 2H), 5.36 (apparent t, J = 7 Hz, 1H), 3.90 (s, 3H), 3.22 (dd, J = 13.7, 3.5 Hz, 1H), 2.60 (dd, J = 13.7, 10.7 Hz, 1H), 2.39--2.31 (m, 1H), 2.13 -2.09 (m, 2H), 1.68 -1.48 (m, 4H), 1.00 (t, J = 8.0 Hz, 9H), 0.71 (q, J = 7.9 Hz, 6H). 13 
4--((2,2,4--trifluoro--3--oxocycloheptyl)methyl) benzoate (22).
Silyl enol ether 21 (350 mg, 0.85 mmol, 1.0 equiv.) was dissolved in DMF (25 mL, anhydrous) and cooled to 0 o C. Selectfluor (1.04 g, 2.94 mmol, 3.45 equiv.) was added and the mixture was warmed to rt overnight. The following morning the reaction mixture was quenched with water and extracted with ether (3 x 50 mL). The ether was combined, dried, decanted, and evaporated to dryness. The crude product was purified by silica gel chromatography using a hexane/ethyl acetate solvent system (10:1 to 4:1 gradient). This procedure resulted in 22 as a mixture of diastereomers (195 mg J = 47.7, 28.7, 20.1, 9.3 Hz, 1F'), 1F 
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Reactivity of difluorocyclononyne (DIFN) with benzyl azide Scheme S1. Reaction between DIFN (14) and benzyl azide. Figure S1 . The reaction in Scheme S1 was monitored by 1 H NMR for 12.5 h at room temperature. DIFN and benzyl azide were separately dissolved in CD3CN and mixed together in a 1:1 ratio at a concentration of 25 mM. The percent conversion was calculated by the disappearance of DIFN relative to the appearance of triazole products. No products other than S1 and S2 were apparent by 1 H NMR. The triazole isomers were produced in a 1:1.4 ratio. The second--order rate constant was determined by plotting 1/[DIFN] versus time. The plot was fit to a linear regression and the slope corresponds to the second--order rate constant. Shown are data from three replicate experiments.
S9

Further Discussion of Homologation of 20 and 22
The reaction of tetrafluorinated ketone 20 with trimethylsilyl diazomethane in the presence of a variety of Lewis acids favored oxirane formation (23) over homologation (Scheme S2, Table 7 .1, entries 2--5), iv the exception being when trimethylaluminum was employed as a Lewis acid. Instead of facilitating oxirane formation, AlMe3 resulted in methyl addition to yield tertiary alcohol S3 (entry 1). Ethyldiazoacetate (N2CHCOOEt), a diazo species commonly employed for homologation reactions when oxirane products are competing with the desired transformation, v proved unreactive under standard homologation conditions. Upon forcing conditions where 20 was combined with ethyldiazoacetate, unidentifiable products were produced. Further attempts at homologation with the more nucleophilic species TMSCLiN2 (entry 10) vi and N2CLiCOOEt (entry 11) vii or TMSCHN2 at elevated temperatures (entries 12--13) did not yield desired product. Lastly, diazomethane yielded epoxide 23 (entry 14--15;17--18) in all cases, save some methyl addition product (S3) observed when AlMe3 was the Lewis acid (entry 14). Additionally, with diazomethane and BF3 . OEt2, no reaction was observed after overnight at room temperature (entry 16). Scheme S2. Attempted homologation of ketone 20. (S6) could also be formed from amino--alcohol S5 by treatment with sodium nitrite, as observed in the Tiffeneau--Demjanov rearrangement. viii The requisite amino--alcohol S5 was prepared by cyanohydrin formation (S4) followed by reduction with lithium aluminum hydride. However, upon treatment of S5 with NaNO2, only oxirane formation was observed, suggesting that the initial nucleophilic attack (which is often the rate--determining step in homologation reactions) proceeds as desired and the 1,2--migration is disfavored. At this point, we directed our attention to the homologation of trifluorinated ketone 22, as we thought that the removal of one electron--withdrawing fluorine atom would be sufficient to promote ring--expansion. Scheme S3. Tiffeneau--Demjanov rearrangement of tetrafluorinated ketone 20. 20 did exhibit some differences in reactivity, most notably no methyl addition was observed with AlMe3 as the Lewis acid, we did not observe any desired ring--expanded product. In all trials (Scheme S4, Table S2), the major product observed was oxirane formation. Oxirane 24 has three stereocenters which complicated the product analysis. Additionally, we found that the TMS group, which readily underwent protodesilylation in the case of 20, was not as labile in the reaction with 22 and a hydrolysis step was necessary before characterization. At this point, we abandoned the homologation approach as a means to synthesize tri--and tetrafluorinated cyclooctynes.
Characterization of Homologation Products
Methyl 4--((4,4,9,9--tetrafluoro--1--oxaspiro[2.6]nonan--5--yl)methyl)benzoate (23). A solution of 0.09 M TMSCLiN2 was generated by combining trimethylsilyldiazomethane (0.05 mL of a 2.0 M solution in CH2Cl2) with n--butyllithium (0.06 mL of a 1.6 M solution in hexane) in THF (1.0 mL, anhydrous) at --78 o C. Tetrafluorinated ketone 20 (20 mg, 0.060 mmol, 1.0 equiv.) was dissolved in THF (1.5 mL, anhydrous) and cooled to 0 o C. The TMSCLiN2 (0.67 mL, 0.060 mmol, 1.0 equiv.) was added and the mixture was warmed to rt. No significant reaction was observed at rt and the mixture was heated to 40 o C overnight. The following morning the mixture was quenched with methanol and evaporated to dryness. The crude product was purified by silica gel chromatography with a hexanes/ether solvent system (40:1 to 10:1) to yield 14 mg of 23 (0.04 mmol, 67%). Rf = 0.7 in 3:1 hexane/ethyl acetate. 1 H NMR (400 MHz, CDCl3): δ 8.0--7.96 (m, 2H major, 2H minor) 7.28--7.23 (m, 2H major, 2H minor), 3.91 (s, 3H minor), 3.91 (s, 3H major), 3.30--3.17 (m, 2H major, 2H minor), 3.14--3.10 (m, 1H major, 1H minor), 2.56--2.36 (m, 3H major, 3H minor), 2.18--2.04 (m, 1H major, 1H minor), 1.80--1.65 (m, 2H major, 2H minor), 1.62--1.46 (m, 1H major, 1H minor), 1.41--1.26 (m, 1H major, 1H minor). 1 H NMR (600 MHz, CDCl3, major only): 
Methyl 4--((3--cyano--2,2,4,4--tetrafluoro--3--hydroxycycloheptyl)methyl)benzoate (S4).
Tetrafluorinated ketone 20 (11 mg, 0.033 mmol, 1.0 equiv.) was dissolved in ether (0.25 mL, anhydrous). Zinc bromine (1 grain) and trimethylsilyl cyanide (~15 µL, 0.1 mmol, 3 equiv.) was added and the reaction mixture was stirred overnight at rt. The following morning the reaction was incomplete and more trimethylsilyl cyanide (~15 µL) was added and the mixture was stirred at rt for an additional 24 h, at which point it was evaporated to dryness. The crude product was purified by silica gel chromatography using a hexanes/ethyl acetate solvent system (S4 elutes at 4:1). This procedure resulted in 5 mg of S4 as a 1:0.3 mixture of diastereomers (0.014 mmol, 42%). Rf = 0.4 in 3:1 hexane/ethyl acetate. 1 H NMR (600 MHz, CDCl3): δ 8.00 (d, J = 7.2 Hz, 2H minor), 7.98 (d, J = 8.3 Hz, 2H major), 2H major, 2H minor), 4.66 (bs, 1H major), 4.39 (bs, 1H minor), 3.92 (s, 3H major, 3H minor), 3.27 (dd, J = 13.7, 3 .4 Hz, 1H major, 1H minor), 2.73--2.64 (m, 1H major), 2.59--2.53 (m, 1H minor), 2.55 (dd, J = 11.0, 13.9 Hz, 1H major), 2.46--2.34 (m, 1H major, 2H minor), 2.24--2.09 (m, 1H major, 1H minor), 1.75--1.68 (m, 1H major, 1H minor), 1.58--1.50 (m, 3H major, 2H minor), 1.42--1.40 (m, 1H minor).
(4--((4,4,9,9--Tetrafluoro--1--oxaspiro[2.6]nonan--5--yl)methyl)phenyl)methanol (S7). Cyanohydrin S4 (5 mg, 0.014 mmol, 1.0 equiv.) was dissolved in ether (0.2 mL, anhydrous). This solution was added dropwise to a solution of lithium aluminum hydride (0.25 mL, 1M solution in THF, 0.25 mmol, 18 equiv.). The mixture was
warmed to 50 o C and allowed to react overnight. The following morning it was quenched with sat. aqueous Rochelle's salt and extracted with ethyl acetate (3 x 15 mL). The organics were combined, dried, decanted, and evaporated to dryness to yield S5 (3 mg, 0.009 mmol, 69%; HRMS (ESI): calcd. for C16H22O2NF4 + [M+H] + , 336.1581; found, 336.1586 ). This crude product was dissolved in a mixture of water (80 µL) and acetic acid (80 µL). A separate solution of sodium nitrite (8 mg, 0.12 mmol, 13 equiv.) in water (160 µL) was prepared and added to the solution containing amino--alcohol S5. The mixture was stirred at rt overnight. The following morning, additional water (2 mL) was added and the product was extracted with ether (3 x 5 mL). The organics were combined, dried, decanted, and evaporated to dryness to yield S7 as a mixture of diastereomers. 1 H NMR (600 MHz, CDCl3): δ 7.32 (d, J = 8.3 Hz, 2H minor), 7.31 (d, J = 8.3 Hz, 2H major), 7.20 (d, J = 7.9 Hz, 2H minor), 7.17 (d, J = 7.9 Hz, 2H major), 4.69 (s, 2H minor), 4.68 (s, 2H major), 3.29 (dd, J = 14.7, 5.7 Hz, 1H major, 1H minor), 3.18--3.10 (m, 2H major, 2H minor), 2.49--2.40 (m, 3H major, 3H minor), 2.15--2.03 (m, 3H major, 3H minor), 1.86--1.22 (m, 3H major, 3H minor). 19 .020 mmol, 1.3 equiv.) was then added and the reaction stirred for 5 min at which point 0.010 mL (0.020 mmol, 1.3 equiv.) of a 2.0M solution of TMSCHN2 in hexanes were added. The reaction was allowed to stir for 1 hr then quenched with an excess of methanol and concentrated. The crude material was taken up in 1N HCl and stirred until a single major product was indicated by TLC. The reaction was then concentrated and purified by preparative TLC (18:82 ethyl acetate/ hexanes) to obtain the epoxide in 51% yield (2.7 mg, 0.0082 mmol). Characterization for major diastereomer only. Rf = 0.7 in 2:1 hexanes/ethyl acetate. 
